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Abstract
The results of the first search for long-lived gluinos produced in 7 TeV p p collisions at the CERN
Large Hadron Collider are presented. The search looks for evidence of long-lived particles that
stop in the CMS detector and decay in the quiescent periods between beam crossings. In a dataset
with a peak instantaneous luminosity of 1× 1032 cm−2s−1, an integrated luminosity of 10 pb−1,
and a search interval corresponding to 62 hours of LHC operation, no significant excess above
background was observed. Limits at the 95% confidence level on gluino pair production over 13
orders of magnitude of gluino lifetime are set. For a mass difference m g˜ −mχ˜ 01 > 100 GeV/c2, and
assuming BR( g˜ → g χ˜ 01 ) = 100%, m g˜ < 370 GeV/c2 are excluded for lifetimes from 10 µs to 1000 s.
Many extensions of the standard model predict the
existence of new heavy quasi-stable particles [1].
Such particles are present in some supersymmet-
ric models [2, 3, 4], “hidden valley” scenarios [5],
and grand-unified theories (GUTs), where the new
particles decay through dimension five or six op-
erators suppressed by the GUT scale [6]. Long-
lived particles are also a hallmark of split super-
symmetry [7], where the gluino ( g˜ ) decay is sup-
pressed due to the large gluino-squark mass split-
ting, from which the theory gets its name. Of
these possibilities, the Compact Muon Solenoid
(CMS) experiment is most sensitive to models like
split supersymmetry where production proceeds
via the strong interaction resulting in relatively
large cross sections at the Large Hadron Collider
(LHC) [8, 9, 10, 11]. For this reason, we have
targeted the search at long-lived gluinos. Existing
experimental constraints on the lifetime of such
gluinos are weak [12, 13]; these gluinos may be sta-
ble on typical CMS experimental timescales. Life-
times of O (100–1000) seconds are especially in-
teresting in cosmology since such decays would
affect the primordial light element abundances,
and could resolve the present discrepancy between
the measured 6Li and 7Li abundances and those
predicted by conventional big-bang nucleosynthe-
sis [14, 15, 16].
If long-lived gluinos were produced at the LHC,
they would hadronize into g˜ g , g˜ q q¯ , g˜ qqq states,
collectively known as “R-hadrons” some of which
would be charged, while others would be neu-
tral [17, 18, 19]. Those that were charged would
lose energy via ionization as they traverse the CMS
detector. For slow R-hadrons, this energy loss
would be sufficient to bring a significant fraction
of the produced particles to rest inside the CMS
detector volume [20]. These “stopped" R-hadrons
may decay seconds, days, or even weeks later, re-
sulting in a jet-like energy deposit in the CMS
calorimeter. These decays will be out-of-time with
respect to LHC collisions and may well occur at
times when there are no collisions in CMS. The
observation of such decays, in what should be a
“quiet” detector except for an occasional cosmic
ray, would be an unambiguous discovery of new
physics.
A detailed description of the CMS experiment can
be found elsewhere [21].
The 7 TeV center-of-mass p p collision data ana-
lyzed in this paper were recorded by CMS in Oc-
tober 2010. This sample corresponds to 62 hours
of trigger live-time during which data, correspond-
ing to an integrated luminosity of 10 pb−1, were
recorded by CMS with a peak instantaneous lumi-
nosity of 1 × 1032 cm−2s−1. In producing these
data, the LHC was filled with up to 312 proton
bunches per beam (out of a maximum of 2808).
We employed a dedicated trigger to search for de-
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cays of particles at times when there are no col-
lisions. Special selection criteria are applied dur-
ing data analysis to suppress contributions from
bunch crossing preceeding or following the col-
liding bunch crossing, cosmics muons, beam halo
muons, beam-gas interactions, and instrumental
noise. Details of trigger and selections are de-
scribed elsewhere [22, 23].
We have developed a custom, factorized simula-
tion of gluino production, stopping, and decay
to investigate the experimental signature of this
atypical signal [29]. First, using PYTHIA [24]
we generate gluino production at
p
s = 7TeV
TeV, and hadronize the produced gluinos into R-
hadrons. A modified GEANT4 [25] then imple-
ments a “cloud model” of interactions R-hadrons
with matter [26]. Using this simulation, the prob-
ability of a single R-hadron to stop in the CMS
detector was determined to be ≈ 0.2 for the ex-
plored gluino mass range. We also considered al-
ternative, more pessimistic, models of R-hadronic
interactions with matter. For electromagnetic in-
teractions (EM) only, the CMS stopping probabil-
ity is found to be ≈ 0.06. Finally, with a “neu-
tral R-baryon” model in which only R-mesons
stop [27, 28] the stopping probability is ≈ 0.01.
Next, we again use PYTHIA, to simulate the decay
of an R-hadron at rest in the previously recorded
stopping position, and GEANT to simulate the
detector response to this decay. Finally, we use a
specialized Monte Carlo simulation to determine
how often the stopped gluino decay would occur
during a triggerable beam gap.
The efficiency with which triggered events pass
all selection criteria is estimated from the sim-
ulation to be 54% for a representative gluino
decay signal (m g˜ = 300 GeV/c
2 and mχ˜ 01
=
200 GeV/c2). The equivalent efficiency with re-
spect to all stopped particles is 17% since a signifi-
cant number of R-hadrons stop in uninstrumented
regions of the CMS detector where their subse-
quent decay would not be observable. For any
new physics model that predicts events with suf-
ficient visible energy, m g˜ − mχ˜ 01 > 100 GeV/c2,
this efficiency does not change significantly.
The background rate is measured by combining
measurements in the control sample with mea-
surements of the rate in the search sample after
omitting one selection criterion as described in
[22, 23].
We do not observe a significant excess above ex-
Table 1: Results of counting experiments for se-
lected values of τ g˜ . Entries between 1× 10−5 and
1× 106 s are identical and are suppressed from the
table.
Lifetime [s] Expected Background Observed
1× 10−7 0.8± 0.2± 0.2 2
1× 10−6 1.9± 0.4± 0.5 3
1× 10−5 4.9± 1.0± 1.3 5
1× 106 4.9± 1.0± 1.3 5
pected background for any lifetime hypothesis in
the search sample. The results of this counting
experiment for different lifetime hypotheses are
presented in Table 1. In the absence of any dis-
cernible signal, we proceed to set 95% confidence
level (C.L.) limits over 13 orders of magnitude in
gluino lifetime using a hybrid CLS method.
In Fig. 1 we show the 95% C.L. limit on σ(p p →
g˜ g˜ )× BR( g˜ → g χ˜ 01 ) for a mass difference m g˜ −
mχ˜ 01
> 100 GeV/c2. The error bands include sta-
tistical and systematic uncertainties. With the hor-
izontal line in Fig. 1 we show a recent NLO+NLL
calculation of the cross section at
p
s = 7 TeV for
m g˜ = 300 GeV/c
2 from the authors of Ref. [11].
To illustrate the effect of the stopping probabil-
ity uncertainty, we also present two other limits
for different models of interaction R-hadrons with
material. Assuming the cloud model for the in-
teraction of R-hadrons with matter, and assuming
BR( g˜ → g χ˜ 01 ) = 100%, we are able to exclude life-
times from 75 ns to 3×105 s for m g˜ = 300 GeV/c2
with the counting experiment. Finally, we present
the result as a function of the gluino mass in Fig. 2.
Under the same assumptions as for the cross sec-
tion limit, we exclude m g˜ < 370 GeV/c
2 for life-
times between 10 µs and 1000 s. If we assume the
EM only model for R-hadronic interactions with
matter in order to compare with what was done
in Ref. [12], this exclusion becomes m g˜ < 302
GeV/c2.
We also perform a time-profile analysis. Whereas,
for short lifetimes, a signal from a stopped gluino
decay is correlated in time with the collisions,
backgrounds are flat in time. Since the signal and
background have very different time profiles, it is
possible to extract both their contributions by an-
alyzing the distribution of the observed events in
time.
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Fig. 1: Expected and observed 95% C.L. limits on
gluino pair production cross section times branch-
ing fraction using the “cloud model” of R-hadron
interactions as a function of gluino lifetime from
both the counting experiment and the time-profile
analysis. Observed 95% C.L. limits on the gluino
cross section for alternative R-hadron interaction
models are also presented.
We build a probability density function (PDF) for
the gluino decay signal as a function of time for
a given gluino lifetime hypothesis and the actual
times of LHC beam crossings as recorded in our
data. Figure 3 shows an example of such a PDF
for a gluino lifetime of 1 µs; the in-orbit positions
of 2 observed events in the subset of our data that
were recorded during an LHC fill with 140 collid-
ing bunches are overlaid. We limit the range of life-
time hypotheses considered for this time-profile
analysis to 75 ns to 100µs such that the gluino life-
time is not much longer than the orbit period. For
each lifetime hypothesis we build a corresponding
signal time profile, fit the signal plus background
contribution to the data, and extract a 95% C.L.
upper limit on the possible signal contribution.
The obtained results are plotted as a dotted line
in Fig. 1. This temporal analysis relies only on the
flatness of the background shape; it does not have
the counting experiment’s systematic uncertainty
on the background normalization. Consequently,
its dominant systematic uncertainty is the 11% un-
certainty on the luminosity measurement. For a
mass difference m g˜ −mχ˜ 01 > 100 GeV/c2, assum-
ing BR( g˜ → g χ˜ 01 ) = 100%, we are able to exclude
m g˜ < 382 GeV/c
2 at the 95% C.L. for a lifetime of
10 µs with the time-profile analysis.
We have presented the results of the first search for
long-lived gluinos produced in 7 TeV p p collisions
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Fig. 2: 95% C.L. limits on gluino pair production
cross section times branching fraction as a func-
tion of gluino mass assuming the “cloud model”
of R-hadron interactions (solid line) and EM inter-
actions only (dot-dashed line). The m g˜−mχ˜ 01 mass
difference is maintained at 100 GeV/c2; results are
only presented for mχ˜ 01
> 50 GeV/c2.
at the LHC. We looked for the subsequent decay
of those gluinos that would have stopped in the
CMS detector during time intervals where there
were no p p collisions. In particular, we searched
for decays during gaps in the LHC beam structure.
We recorded such decays with dedicated calorime-
ter triggers. In a dataset with a peak instantaneous
luminosity of 1× 1032 cm−2s−1, an integrated lu-
minosity of 10 pb−1, and a search interval corre-
sponding to 62 hours of LHC operation, no sig-
nificant excess above background was observed.
Limits at the 95% C.L. on gluino pair produc-
tion over 13 orders of magnitude of gluino lifetime
are set. For a mass difference m g˜ − mχ˜ 01 > 100
GeV/c2, assuming BR( g˜ → g χ˜ 01 ) = 100%, we ex-
clude m g˜ < 370 GeV/c
2 for lifetimes from 10 µs
to 1000 s with a counting experiment. Under the
same assumptions, we are able to further exclude
m g˜ < 382 GeV/c
2 at the 95% C.L. for a lifetime of
10 µs with a time-profile analysis. These limits are
the most restrictive to date.
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Fig. 3: The top panel shows the in-orbit positions
of 2 observed events in the subset of our data that
was recorded during an LHC fill with 140 collid-
ing bunches. The decay profile for a 1 µs life-
time hypothesis is overlaid. The bottom panels
are zoomed views of the boxed regions around the
2 events in the top panel so that the exponential
decay shape of the signal hypothesis can be seen.
References
[1] M. Fairbairn et al., “Stable massive particles at
colliders,” Phys. Rept., vol. 438, p. 1, 2007.
[2] S. Dimopoulos et al., “Experimental Signatures
of Low Energy Gauge Mediated Supersymmetry
Breaking,” Phys. Rev. Lett., vol. 76, p. 3494, 1996.
[3] H. Baer et al., “A Heavy gluino as the lightest
supersymmetric particle,” Phys. Rev., vol. D59,
p. 075002, 1999.
[4] T. Jittoh et al., “Long life stau,” Phys. Rev.,
vol. D73, p. 055009, 2006.
[5] M. Strassler and K. Zurek, “Echoes of a hidden
valley at hadron colliders,” Phys. Lett., vol. B651,
p. 374, 2007.
[6] A. Arvanitaki et al., “Astrophysical Probes of
Unification,” Phys. Rev., vol. D79, p. 105022,
2009.
[7] N. Arkani-Hamed and S. Dimopoulos,
“Supersymmetric unification without low
energy supersymmetry and signatures for
fine-tuning at the LHC,” JHEP, vol. 06, p. 073,
2005.
[8] S. Dawson et al., “Search for Supersymmetric
Particles in Hadron - Hadron Collisions,” Phys.
Rev., vol. D31, p. 1581, 1985.
[9] W. Beenakker et al., “Squark and gluino
production at hadron colliders,” Nucl. Phys.,
vol. B492, p. 51, 1997.
[10] T. Plehn et al., “Squark and gluino production
with jets,” Phys. Lett., vol. B645, p. 217, 2007.
[11] W. Beenakker et al., “Soft-gluon resummation
for squark and gluino hadroproduction,” JHEP,
vol. 12, p. 041, 2009.
[12] V. M. Abazov et al., “Search for stopped gluinos
from p p¯ collisions at
p
s = 1.96-TeV,” Phys. Rev.
Lett., vol. 99, p. 131801, 2007.
[13] A. Arvanitaki et al., “Limits on split
supersymmetry from gluino cosmology,” Phys.
Rev., vol. D72, p. 075011, 2005.
[14] K. Jedamzik, “Did something decay, evaporate,
or annihilate during big bang nucleosynthesis?,”
Phys. Rev., vol. D70, p. 063524, 2004.
[15] K. Jedamzik et al., “Solving the cosmic lithium
problems with gravitino dark matter in the
CMSSM,” JCAP, vol. 0607, p. 007, 2006.
[16] S. Bailly, K. Jedamzik, and G. Moultaka,
“Gravitino Dark Matter and the Cosmic
Lithium Abundances,” Phys. Rev., vol. D80,
p. 063509, 2009.
[17] P. Fayet, “Spontaneously Broken
Supersymmetric Theories of Weak,
Electromagnetic and Strong Interactions,” Phys.
Lett., vol. B69, p. 489, 1977.
[18] P. Fayet, “MASSIVE GLUINOS,” Phys. Lett.,
vol. B78, p. 417, 1978.
[19] G. R. Farrar and P. Fayet, “Phenomenology of
the Production, Decay, and Detection of New
Hadronic States Associated with
Supersymmetry,” Phys. Lett., vol. B76, p. 575,
1978.
[20] A. Arvanitaki et al., “Stopping gluinos,” Phys.
Rev., vol. D76, p. 055007, 2007.
[21] R. Adolphi et al., “The CMS experiment at the
CERN LHC,” JINST, vol. 0803, p. S08004, 2008.
[22] V. Khachatryan et al., “Search for Stopped
Gluinos in pp collisions at sqrt s = 7 TeV,” Phys.
Rev. Lett., vol. 106, p. 011801, 2011.
[23] R. Adolphi et al., “First Results on the Search for
Stopped Gluinos in pp collisions at
p
s = 7 TeV,”
CMS-PAS, vol. EXO-10-003, 2010.
[24] T. Sjöstrand et al., “PYTHIA 6.4 Physics and
Manual,” JHEP, vol. 05, p. 026, 2006.
[25] S. Agostinelli et al., “GEANT4: A simulation
toolkit,” Nucl. Instrum. Meth., vol. A506, p. 250,
2003.
[26] R. Mackeprang and A. Rizzi, “Interactions of
coloured heavy stable particles in matter,” Eur.
Phys. J., vol. C50, p. 353, 2007.
[27] R. Mackeprang and D. Milstead, “An Updated
Description of Heavy-Hadron Interactions,” Eur.
Phys. J., vol. C66, p. 493, 2010.
[28] G. Buccella, F. Farrar and A. Pugliese, “R
Baryon Masses,” Phys. Lett., vol. B153, p. 311,
1985.
[29] R. Adolphi et al., “Searching for Stopped
Gluinos during Beam-off Periods at CMS,”
CMS-PAS, vol. EXO-09-001, 2009.
